There has been in recent years a growing interest in a family of compounds which has the group name sialic acid (1) . These aminosaccharides have in common a chain of nine carbon atoms called neuraminic acid ( Figure 1 ). Neuraminic acid itself has not been found naturally, but certain acetyl and glycolyl derivatives have been detected in many of the tissues and fluids of mammals (2, 3) and in bacteria (4) . Neuraminic acid may bear one acetyl (N-acetylneuraminic acid) or one glycolyl group (N-glycolylneuraminic acid) on the amino-nitrogen atom, or it may bear two acetyl groups (N,O-diacetylneuraminic acid). In the latter compound the second acetyl moiety is believed to be in ester linkage with the hydroxyl of carbon number seven of neuraminic acid. The structure of these compounds has been established by various workers and N-acetylneuraminic acid has been synthesized by chemical (5) and enzymatic (6) be released by relatively mild acid hydrolysis (2) , or by enzmatic action (7, 8) .
The only data in the literature on seminal sialic acid is a note by Odin (9) on the presence of sialic acid in the gelatinous fragments of hog semen. While our study was in progress, Svennerholm (2) published a new method of analysis for sialic acid in biological materials. The sialic acid content of a number of tissues and secretions was given, among which was an average sialic acid concentration of 105.5 mg. per 100 Gm. of human semen (four specimens).
As part of a study on the role of sialic acid in fertilization, we have assayed a series of normal and subnormal human semen specimens as well as human prostatic and seminal vesicle secretions and spermatozoa for their content of sialic acid. A study has been made of the sialic acid concentration in semen determined by colorimetric methods directly on semen, and by Svennerholm's method which entails partial purification of sialic acid by an anion exchange column.
MATERIALS
Semen samples were obtained from individuals who were being investigated for possible infertility.' Semen analysis was part of a general examination to investigate the cause of a barren marriage. In most cases colorimetric analysis for sialic acid was carried out within eight hours of ejaculation. There was no decrease in the sialic acid content of semen when it was kept at 20 C. for two weeks. Semen for other studies was stored at -15°C.
Human seminal vesicle and its secretion, prostate and testes were obtained from autopsies carried out in the Pathologic Anatomy Branch of the National Cancer Institute. Normal prostatic secretions were obtained from out-patients at the Urology Clinic of the United States 'We wish to thank Dr. M. E. Voss of the Oscar B. Hunter Laboratory and Drs. E. E. Ferguson and F. T. Reuter of Washington, D. C. for obtaining this material for us and for carrying out the sperm count and microscopic examination. Naval Hospital, Bethesda, Maryland.2 Samples were cooled to 00 C. immediately and analyzed within 1.5 hours.
N-Acetylneuraminic acid was chemically synthesized by the method of Cornforth, Firth and Gottschalk (5) . Sialic acid, presumably N,O-diacetylneuraminic acid, was isolated from bovine submaxillary gland mucin, by the method of Blix, Lindberg, Odin and Werner (10) .
METHODS
Ehrlich reaction. All samples of semen were routinely assayed for sialic acid by the direct Ehrlich method of Werner and Odin (11) . The assay was modified by reducing the sample size and reagent volume to one-tenth that used by Werner and Odin. Semen was vigorously shaken to attain homogeneity and 0.1 ml. diluted to 1 ml. with distilled water. Aliquots (0.1 ml. and 0.2 ml.) of diluted semen were transferred to test tubes (10 X 125 mm.) and the volume was adjusted to 1 ml. with distilled water. A blank consisted of 1 ml. distilled water. Ehrlich's reagent (0.2 ml.) was then added (11), the tubes were shaken, capped with glass marbles and placed in a vigorously boiling water bath for exactly 30 minutes. The tubes were cooled in water at room temperature for seven minutes and then centrifuged for four minutes in a clinical centrifuge. The clear solutions were pipetted into micro-cuvettes 3 mm. wide, with a light path of 1 cm., and optical densities were determined at 565 myA, in a Beckman DU spectrophotometer, equipped with a micro-attachment. Optical density readings were made against the blank.
Two concentrations of semen were used in each assay to ensure that there was no deviation from linearity at the sialic acid levels used. The optical density value produced by 0.2 ml. of the diluted semen (0.02 ml. of the original semen sample) was used to calculate the sialic acid concentration. In order to obtain sialic acid concentrations in mg. per 100 ml. semen, the observed optical density at 565 my was multiplied by a factor of 1;130. A molar extinction coefficient of 1.640 X 10, was used. The sialic acid present is most probably N-acetylneuraminic acid with a molecular weight of 309. Variation of ± 3 per cent from the average was observed in six analyses of one semen specimen over the course of a month.
Sialic acid was also assayed by the orcinol method of Werner and Odin (11) , by the resorcinol method of Svennerholm (12) , and by the diphenylamine procedure of Pigman, Hawkins, Blair and Holley (13) .
Anion exchange resin method. A few small modifications of Svennerholm's method were made (2) . Onetenth of a ml. of semen was hydrolyzed at 800 C. in 0.1 N sulfuric acid for one hour. The samples were cooled and placed on columns of Dowex-1-acetate (5 X 0.8 cm.) (X-8, 100-200 mesh). The hydrolysis tubes and columns were washed twice with 5 ml. of water and the sialic acid was then eluted into a 10 ml. graduated cylinder with 9 2 We wish to thank Capt. J. S. Hanten, M. C., U.S.N., Department of Urology, for obtaining this material.
ml. of 1 M sodium acetate buffer, pH 4.6. Water was added to the graduated cylinders to the 10 ml. mark. To 0.2 and 1.0 ml. of eluate in 10 X 125 mm. test tubes, water was added to a volume of 1 ml. The blank consisted of 1 ml. 1 M acetate buffer, pH 4.6. One ml. of resorcinol reagent was added, a bead was placed on top of the tube and the tubes were shaken and then heated in a vigorously boiling water bath for exactly 15 minutes. The tubes were cooled in running water for 10 minutes and 1.0 ml. of isoamyl alcohol was added to each tube. The tubes were shaken vigorously for 20 seconds and centrifuged for 5 minutes in a clinical centrifuge. The clear top phase of isoamyl alcohol was pipetted into cuvettes, 3 mm. wide with a 1 cm. light bath. The optical density at 580 mu was observed in the Beckman DU spectrophotometer equipped with a micro-attachment.
In this assay 1 /AM of N-acetylneuraminic acid in a volume of 1 ml. gave an optical density reading at 580 myA of 4.650. Isolation of sialic acid. Sialic acid was isolated from 3 Gm. each of seminal vesicle, prostate, and testis by heating homogenates of these tissues in 15 ml. 0.05 N sulfuric acid for two hours at 800 C. Sialic acid was also isolated from 10 ml. semen by adjusting the pH to 1.0 with sulfuric acid, and then heating in the above manner. The suspensions were centrifuged at 12,000 X G for 20 (10, 14) . To locate the sialic acid, the entire paper strip was cut into sections 1 cm. X 2 cm. wide and placed in 15 X 125 mm. test tubes which contained 1 ml. distilled water and 0.2 ml. Ehrlich's reagent. The usual assay for sialic acid was carried out.
Neuraminidase and semen. The following experiment was performed to see whether the enzyme neuraminidase could cleave sialic acid from seminal mucoprotein, as it does from certain human plasma proteins (8) .
One-tenth of a ml. of semen was incubated with 10 (Tables I and II) . For this study the decision to place specimens into the normal and subnormal categories was based on laboratory investigation of the semen. Semen which contained less than 60,000,000 spermatozoa per ml. was considered subnormal (16, 17) . Specimens with more than 60,000,000 spermatozoa per ml. with normal motility and sperm morphology were placed in the normal class.
The average number of spermatozoa was 139.7 million per ml. in normal and 19.3 million per ml. in the subnormal specimens. The mean volume of normal ejaculates was 3.6 ml., and 3.4 ml. in the subnormal. In two other studies the average ejaculate volumes of men from sterile marriages were 3.4 and 3.59 ml. (16, 18) .
As seen in Table I (Table II) . The difference between the levels of sialic acid in normal and subnormal semen specimens is small but is statistically significant (p < 0.01). Svennerholm Other calorimetric methods such as the orcinol, resorcinol, and diphenylamine assays may also be unsuitable for the measurement of sialic acid in tissues and secretions unless they are partially purified. Free sugars and other nonsialic acid materials in semen react in these tests and obscure the characteristic absorption spectra of the sialic acid chromophore. We have found that dialysis of semen results in a 35 to 85 per cent decrease in the peak optical densities in these reactions.
It may be seen from Tables I and II that a high sialic acid value is not necessarily associated with a high sperm count. The highest sialic acid value among the subnormal specimens was found in one which was devoid of spermatozoa. There is a wide variation in the seminal sialic acid concentration, as there is in the sperm count. This variation of sialic acid levels in semen is considerably greater than it is in serum (19) and synovial fluid (13) , and may reflect not only the efficiency of synthesis but the frequency of ejaculation. Hotchkiss found in humans that the total sperm content of an ejaculation was 51 per cent less than one 24 hours previous (17) . Sialic acid levels may decrease correspondingly. However, this factor has not been investigated.
Two of the major components of semen, pros- Sialic acid in human prostatic and seminal vesicle secretions The presence of sialic acid in semen raises the question as to its site of synthesis. The bulk of semen comes from the prostate and seminal vesicles. Since the concentrations of sialic acid in prostatic and seminal vesicle fluids were not known, they were examined by the column method for their content of sialic acid.
It may be seen in Table IV that seminal vesicle fluid contains an average of 231.9 mg. of sialic acid per 100 ml. determined by the column method. To date, this is the highest sialic acid concentration found in any human tissue or fluid. The mean concentration of sialic acid in prostatic fluid is 60.6 mg. per cent ( Table V) (7) .
Dialyzable sialic acid in semen Two ml. of semen was dialyzed against 100 ml. of distilled water, for 20 hours at 40 C. The dialysate was concentrated in vacuo, and then tested for sialic acid by the Ehrlich assay. In five experiments the amount of sialic acid found in the dialysate was 2.6, 3.7, 6.4, 4.0 and 4.8 per cent of the total seminal sialic acid value. Some of this material had the same Rf as N-acetylneuraminic acid in Solvent 1.
It is not known whether dialysable sialic acid actually exists in a free state, is bound to another sugar moiety, or is cleaved from seminal mucoprotein as the sample ages. This problem is being investigated at the present time.
The action of neuraminidase (sialidase) on semen It was found that a maximum of 79 per cent of sialic acid was released from seminal mucoprotein by partially purified neuraminidase. The sialic acid released is probably bound to mucoprotein by the same neuraminidase sensitive linkage that binds sialic acid to orosomucoid (8) .
Identification of sialic acid
Sialic acid was isolated from semen, seminal vesicle, testis and prostate as described in "Methods." These samples and authentic N-acetylneuraminic acid were adsorbed by Norit A and could be eluted with 50 per cent aqueous methanol. All behaved similarly on columns of Dowex-l-formate and Dowex-l-acetate.
The Rf values of the materials from all four sources were the same as those of N-acetyl and N,O-diacetylneuraminic acid in four solvents (Table VI) . In Solvent 4, the Rf of the isolated sialic acid differed from that of N-glycolylneuraminic acid (14) . However N-acetylneuraminic acid and N,O-diacetylneuraminic acid have the same Rf values in all of the solvents used, and so it is not known from this data which of these forms is present.
To differentiate between N-acetyl and N,Odiacetylneuraminic acids, sialic acid was isolated from dialyzed human semen by a method which is used for the isolation of N,O-diacetylneuraminic acid from bovine submaxillary gland mucin (10) .
The seminal sialic acid was kept at 40 C. in 0.01 N H2SO4 for 18 hours, a process which is known to remove only the O-acetyl group from N,Odiacetylneuraminic acid (10) . The solution was neutralized and enzymatically assayed for free acetate (24) .5
In contrast to the sialic acid of bovine submaxillary gland mucin, no free acetate was detectable in the preparations of sialic acid from semen. This indicates that N-acetylneuraminic acid is the form that is present in human semen.
A solution of sialic acid, which was derived from semen, contained 0.23 mg. of sialic acid per ml.
by the Ehrlich assay, 0.22 mg. per ml. by the orcinol, and 0.23 mg. per ml. by the resorcinol test. In each case N-acetylneuraminic acid served as the standard. 8 Acetokinase was kindly supplied by Mr 3. In one experiment it was found that human spermatozoa contained 0.53 per cent of the total seminal sialic acid content.
4. Sialic acid, isolated from human semen, seminal vesicle, testis and prostate, has been compared to N-acetyl, N,O-diacetyl and N-glycolylneuraminic acid. N-Acetylneuraminic acid is the form of sialic acid found in human semen. 5 . The column assay of Svennerholm, and the Ehrlich assay, are compared. The unreliability of colorimetric assays for sialic acid directly on semen is discussed.
